Two trials were conducted to evaluate the effects of protein source (48% CP soybean meal or casein) and carbohydrate source (25% dextrose or 25% lactose) on digestibility and digesta flow rate in early-weaned pigs. Diets contained 10% crude soybean oil and were formulated to contain 3.5 g lysine, 2.3 g Ca and 2.0 g P per 1,000 kcal DE of diet. In Trial 1, nutrient digestibility was greater for older than for younger pigs. Apparent digestibilities for energy, DM, CP and fat were lower (P < .08) for younger and older pigs fed soybean meal rather than casein. Digestibility of soluble carbohydrates was less (P < .02) for younger pigs fed soybean meal rather than casein as a protein source. Fat digestibility was lower (P < .05) in younger pigs fed dextrose than in pigs fed lactose. A protein x carbohydrate source interaction (P < .01) existed for fat digestibility by older pigs. In Trial 2, pigs were euthanatized, and digestibilities anterior to the ileum and the colon (pre-ileal and pre-cecal) were determined. At the ileum, fat digestibility was lower (P < .05) for pigs fed soybean meal, whereas CP digestibility was lower (P < .05) for pigs fed either soybean meal or dextrose. A protein x carbohydrate interaction was observed for ileal digestibilities of DM (P < .06) and total carbohydrates (P < .03) with lowest values obtained for the soybean meal plus dextrose diet. For casein diets, digestibility values were similar between the two carbohydrate sources. Digesta flow rates were faster (P < .10) for pigs fed soybean meal. These data suggest that energy and nutrient digestibilities for weaned pigs are greater when diets contain casein or lactose rather than soybean meal or dextrose, and that milk protein causes a greater improvement in digestibility than does milk carbohydrate.
Introduction
Feeding complex diets increases feed intake and improves growth of weaned pigs (Hays et al., 1959; Meade et al., 1969; Graham et al., 1981; Wilson and Leibholz, 1981a) , particulaxly for pigs less than 3 wk of age Received September 6, 1988 . Accepted February 13, 1989 . burg et al., 1985 Nelssen, 1986) or less than 5 kg at weaning (Nelssen, 1986; Danielson, 1987) . Walker et al. (1986) demonstrated that the effect of protein source for early-weaned pigs is more evident during the f'trst 2 wk postweaning. Leibholz (1982) reported that the digestibility of milk proteins by young pigs was greater than that of other protein sources. After weaning, carbohydrates usually make up approximately 70% of the diet. The ability of young pigs to utilize carbohydrates depends on the form and source (Cunningham, 1959; Sewell and Maxwell, 1966) . Sewell and West (1965) reported that the presence of lactose in the diet improved digestibility and pig performanor.
The improvements in performance of early- CAureo SP-250, supplied 110 mg chlortetracycline, 110 mg sulfamethazine and 55 nag penicillin per kg of diet.
weaned pigs fed diets containing milk products apparently are due to the ability of the young pig to utilize the carbohydrate and protein fractions from milk more effectively than those components from plant feed ingredients. The objectives of this experiment were to compare combinations of protein and carbohydrate sources from milk or plant origin and to determine their effects on nutrient digestibilities of early-weaned pigs.
Experimental Procedures
Two trials were conducted using 48 crossbred (Hampshire x Yorkshire) pigs. Pigs were individually housed in stainless steel cages (45 x 45 x 37 cm) equipped with nipple waterers. 5Edible grade, Merrick's Inc., Middleton, WI.
Environmental temperature was maintained at 30 to 32"C, and continuous lighting was provided. The experimental design of each trial was a randomized complete block with initial weight and litter used as blocking factors.
Treatments were arranged in a 2 x 2 factorial structure with two protein sources (48% CP soybean meal and casein 5) and two carbohydrate sources (dextrose 5 and lactose5). There were six replications of each treatment. Diet composition and analyses are shown in Table 1 .
The casein source was calcium caseinate and was assumed to contain 84% CP and 7.14% lysine. Sow's milk on a DM basis contains approximately 25% lactose (Bowland, 1966) . Thus, lactose and dextrose were incorporated into their respective treatments at a 25% level. All diets contained 10% crude soybean oil and were formulated to contain 3.5 g lysine, 2.3 g Ca and 2.0 g per 1,000 kcal DE of diet. These concentrations are based on a diet with 3,540 kcal DE/kg containing 1.25% lysine, .8% Ca and .7% P. It was assumed that soybean oil, soybean meal, casein, and dextrose and lactose contained 8,100, 3,500, 3,700 and 3,700 kcal DE/kg, respectively (Diggs et al., 1966; NRC, 1982) . Percentages of CP, lysine, Ca and P were assumed to be 48.0, 3.12, .26 and .64 for soybean meal and 84.0, 7.14, .61 and .82 for casein, respectively (NRC, 1982 (NRC, , 1988 .
Trial 1. Pigs were weaned at 17 d of age.
Pigs were offered a commercial dry diet on d 1 after weaning before they were moved to cages. After being placed in an individual cage, each pig was allowed to consume its respective treatment diet on an ad libitum basis. Fresh diet was offered and wasted feed was removed twice daily. After a 4-d adjustment period, a digestion study was conducted using a 5-d total feces and urine collection (Period 1). Pigs were 23 to 27 d of age during collection Period 1. After Period 1, pigs were re-allotted across treatments, each pig receiving a different treatment. After a 5-d adjustment, a second collection period was conducted (Period 2). Pigs were 33 to 37 d of age during collection Period 2. Trial 2. Pigs were weaned at 17 d of age.
Experimental procedures were similar to those in Trial 1. After a 4-d adjustment period, a cobalt complex of ethylenediamineteraacetic acid (Co-EDTA; Uden et al., 1980 ) was used as a marker and mixed with each treatment to provide a dietary concentration of .2% Co-EDTA on a DM basis. The mixed diets were fed for 5 d. For the last meal, replications 1 and 2, 3 and 4, and 5 and 6 were fed at 0500, 0600, and 0700, respectively, and pigs were euthanatized by CO2 asphyxiation 3 h after feeding. After exsanguination, the small intestine was uncoiled and divided into three segments: initial 180 cm, second 180 cm and the remaining length (average of 228 cm). The third segment was considered the ileum, and its contents were flushed with 50 ml of .15 M KCI. The colon was stripped of its contents and flushed with 100 ml of .15 M KCI. Ileal and colonic contents were frozen immediately using liquid N and stored at -150C until further analyses were performed. Laboratory Analyses. For Trial 1, fecal samples were oven-dried and ground through a 2-mm screen. Gross energy (GE) was determined by bomb calorimetry. Fecal DM, CP and ash and urinary N were determined by AOAC methods (1980) . Wet fecal samples were mixed thoroughly with a chloroform: methanol mixture, and fat content was determined as described by Folch et al. (1957) . Neutral detergent fiber was determined using the procedures of Goering and Van Soest (1970) . Soluble carbohydrates were determined by difference, subtracting ash, CP, fat and NDF from the DM content. Gross energy, DM, CP, fat, NDF, ash and soluble carbohydrates also were determined for the four diets. Apparent digestibilities for energy, DM, CP, fat, NDF and soluble carbohydrates were determined, and apparent N retention was calculated.
In Trial 2, subsamples of ileal and colonic digesta were centrifuged to remove particulate matter, and the supernatant fluid was analyzed for Co bff flame atomic absorption spectrophotometry". Diets with added Co-EDTA were mixed with water and analyzed similarly for Co. Dried digesta were analyzed for DM, CP, fat and ash as in Trial 1. Because of a limited amount of sample, GE and NDF were not determined. Total carbohydrate was calculated by difference, subtracting CP, fat, and ash from the DM content. Diets were analyzed for the same components as the intestinal contents. Based on the results of Grovum and Williams (1973) , 4% of the dietary Co was assumed to have been absorbed anterior to the ileum and excreted. Digestibilities at the ileum and colon were determined from the relative Co and nutrient concentrations of the diets and digesta samples (Schneider and Flatt, 1975; Warner, 1981) . Digesta liquid flow rates were estimated assuming a steady state for marker concentration (Warner, 1981) .
Statistical Analysis. Data were analyzed using the GLM procedure of SAS (1984) . The main effects of protein and energy source and the interactions were tested. During Period 2 of Trial 1, pigs fed casein consumed less feed than pigs fed soybean meal. Thus, feed intake was used as a covariate for Period 2. Least square means are reported. aReported on an "as is" basis. bSoybean meal < casein (P < .001).
CDextrose < lactose (P < .05). dSoybcan meal > casein (P < .05). eSoybean meal < casein (P < .02).
variables, the data were not pooled across periods. During Period 1 (Table 2) , apparent DE (concentration and as a % of GE) of the soybean meal treatment was lower (P < .001) compared with the casein diets. Although there were no differences (P > .10) between carbohydrate sources, the dextrose diets tended to contain less DE than the lactose diets. Soybean meal diets with dextrose and lactose contained 85.0 and 88.3%, respectively, of the calculated DE. With casein as the protein source, the dextrose and lactose diets contained 99.4 and 101.9% of the calculated DE. Digestibility coefficients were lower for DM (P < .001), CP (P < .001) and soluble carbohydrate (P < .02) with soybean meal as the protein source, yet there were no differences (P > .10) among digestibility coefficients related to carbohydrate source. The soybean meal diets had a higher (P < .05) NDF digestibility than casein diets. The coefficients for fat digestibility were lower (P < .05) for pigs fed soybean meal and dextrose as protein and carbohydrate sources, respectively. Nitrogen retention as a percentage of N intake followed a pattern similar to that of CP digestibility. However, N retained per day was similar among treatments. Daily feed intake was not different (P > .10), although pigs fed soybean meal tended to consume more feed than did those fed casein. Apparent digestibility coefficients for energy and nutrients were greater during Period 2 (Table 3) than during Period 1. Apparent DE was higher for diets containing casein rather than soybean meal (P < .001) and lactose rather than dextrose (P < .04). Soybean meal diets with dextrose and lactose contained 93.3 and 96.8%, respectively, of the calculated DE, whereas, casein diets with dextrose and lactose contained 104.8 and 105.7%, respectively. Apparent digestibilities of DM and CP were less (P < .07) for pigs fed soybean meal than for those fed casein, yet they were similar (P > .10) for pigs fed dextrose or lactose. There was a protein x carbohydrate interaction for fat digestibility (P < .07) and N retention as a percentage of N intake (P < .05), with lower values for pigs fed soybean meal diets containing dextrose rather than lactose and similar values for pigs fed casein diets containing either carbohydrate source. However, N retained per day was less (P< .04) for pigs fed dextrose rather than lactose.
Trial 2. Digestibility coefficients and digesta flow rates for pigs in Trial 2 are shown in Table 4 . Digestibility of fat and CP anterior to the proximal ileum were lower (P < .05) for 8.61 1.59 asoybean meal > casein (P < .08). bReponed on an "as is" basis. Csoybean meal > casein (P < .001). dSoybean meal < casein (P < .001). eDextrose < lactose (P < .04). fSoybean meal < casein (P < .07). gsoybean meal < casein (P < .01). hprotein x carbohydrate interaction (P < .07). iSoybean meal > casein (P < .01). JProtein x carbohydrate interaction (P < .05).
pigs fed soybean meal than for those fed casein as a protein source. Moreover, digestibility of CP anterior to the ileum was lower (P < .02) for pigs fed dextrose rather than lactose as a carbohydrate source. A protein x carbohydrate interaction was observed for pre-ileal digestibilities of DM (P < .06) and total carbohydrate (P < .03), with lower values obtained from pigs fed a combination of soybean meal and dextrose vs soybean meal and lactose but similar values obtained from pigs fed casein with either carbohydrate source. Pigs fed soybean meal as a protein source tended to have a greater (P < .08) final weight than pigs fed casein, probably resulting from a greater amount of gut fill, as suggested by greater (P < .01) volumes of digesta collected from the ileum and colon of pigs fed soybean meal.
A protein x carbohydrate interaction was observed for DM (P < .06), CP (P < .01) and total carbohydrate (P < .03) digestibilities anterior to the colon. Lower values were observed for pigs fed a combination of soybean meal and dextrose, whereas higher values were observed for pigs fed casein as a protein source with either dextrose or lactose as a carbohydrate source. Fat digestibilities were extremely variable, and no differences were detected.
Because Co-EDTA is a liquid soluble marker (Warner, 1981) , digesta flow rates are more representative of fluid flow than the flow of DM (Wilson and Leibholz, 1981b) . Pigs fed soybean meal tended to have a faster (P < .10) flow rate in the ileum than did pigs fed casein. Digesta flow rate in the colon also was greater (P < .01) for pigs fed soybean meal than for those fed casein. Numerically, flow rates were faster for pigs fed dextrose rather than lactose; however, these were not different statistically (e > .10).
Discussion
The dietary GE was consistently higher for diets containing lactose compared to those containing dextrose (Table 1 ). In contrast, aSoybean meal > casein (P < .04). bRcported on an"as is" basis. CSoybean meal < casein (P < .01); dprotein • carbohydrate interaction (P < .06). eSoybean meal < casein (P < .02). fDextrose < lactose (P > .02). gSoybean meal < casein (P < .05). hprotein • carbohydrate interaction (P < .03). iprotein • carbohydrate interaction (P < .01). JSoybean meal < casein (P < .10).
NRC (1971) lists DE contents of dextrose and lactose as 3,750 and 3,670 kcal/kg, respectively. If both the water from hydration of dextrose and the loss of water during synthesis of the di-to mono-saccharides are considered, one may expect 15% more GE from lactose rather than dextrose. However, the differences in the present study represents only 9.3 to 10.2% greater GE for lactose rather than dextrose. This suggests that the dextrose must not have been fully hydrated. From Trial 1, apparent DE was 5 to 10% greater when casein rather than soybean meal was used as the major protein source. Although the effect was less, diets containing lactose as a carbohydrate source had a higher DE content than diets containing dextrose. In both trials, nutrient digestibilities were lower then diets contained soybean meal, which indicates that milk protein plays a major role in improving nutrient digestibility. Wilson and Leibholz (1981c) , Leibholz (1982) and Woodard and Carroll (1985) reported similar findings. Although the carbohydrate sources used in the present study had little effect on digestibility, the carbohydrate fraction of the diet may account for some of the differences among the digestibility coefficients. The soybean meal treatments had a greater portion of their carbohydrates coming from the protein source than did the casein treatments, particularly structural carbohydrates (NDF). Soybean meal contain 14% NDF, whereas casein contains a minimal amount (Van Soest, 1973) . These nondigestible carbohydrates may play a role in limiting the protein availability from soybean meal (Jones et al., 1977; Walker et al., 1986) . Higher NDF digestibilities by pigs fed soybean meal diets were due to the source of NDF in the diet. In the soybean meal diets, a larger portion of the NDF was supplied by soybean meal rather than by ground corn. the feeds. experiment reason for unknown.
Structural carbohydrates from soybean meal are more soluble in acidic conditions than are those from corn (Goering and Van Soest, 1970; NRC, 1982) .
The greater feed intake by pigs in Table 1 fed soybean meal rather than casein as a protein source agrees with the data reported by Leibholz (1982) . That author credited the differences in feed intake to pellet quality of However, diets in the current were fed in the meal form, so the the differences in feed intake is Soybean protein solubility may be a problem for the young pig. The majority of soy proteins are classified as globulins, which are insoluble at their isoelectric points (4 to 5 pH) but dissolve at pH values above or below the same points. The protein concentration also was greater in the diets using soybean meal rather than casein. Thus, protein insolubility may have been enhanced. Rodriguez et al. (1982) reported improvements in nutrient digestibilities with increasing protein levels yet recognized that milk proteins were more digestible than plant proteins. Milk proteins are readily soluble (Morr, 1983) . The pH of pig's stomach contents at birth is 3.8 to 4.2 (Cranwell et al., 1976) , and the age at which acid secretion begins varies from 1 to 24 d of age (Cranwell and Titchen, 1974) . Thus, the insoluble soybean proteins may undergo little proteolysis before entering the small intestine.
Comparisons of Trials 1 and 2 emphasize that smaller pigs had lower nutrient digestibilities and that both milk protein (casein) and milk carbohydrate (lactose) improved nutrient digestibilities. Graham et al. (1981) , Himmelburg et ai. (1985) , Nelssen (1986) and Danielson (1987) reported that lighter pigs gained less weight and consumed less feed that heavier pigs of similar age. Lactose improved preileal digestibilities when combined with soybean meal, but little response was obtained when it was combined with casein. Sewell and West (1965) reported that the presence of lactose improved digestibility of diets containing soybean proteins as the primary source of dietary protein. However, Wilson and Leibholz (1979) found no differences in apparent nutrient digestibilities for young pigs fed diets containing lactose or wheat starch when casein was the primary protein source. Giesting et al. (1985) reported that lactose increased feed intake, whereas casein improved feed utilization.
In some research, palatability problems have been encountered when pigs were fed corn starch or wheat starch as carbohydrate sources (Cunningham, 1959; Sewell and Maxwell, 1966; Giesting et al., 1985) . To avoid these problems, dextrose was chosen rather than starch as the carbohydrate source to compare to lactose. Previous work suggested the young pigs would respond differently to dextrose and lactose in the diet (Sewell and Maxwell, 1966; Buraczewski et al., 1971) . However, few differences among carbohydrate sources were observed in the present study, particularly for heavier pigs (Trial 2 vs Trial 1). Different flow rates may explain different nutrient digestibilities caused by feed ingredients. Maner et al. (1962) and Wilson and Leibholz (1981b) reported that soybean proteins result in faster digesta flow than milk proteins do. Buraczewski et al. (1971) reported that lactose is more effective in delaying stomach emptying than corn dextrin. These observations are supported by the present data, which suggest that milk protein and milk carbohydrate reduce digesta flow rate.
These data reported support a 5 to 10% improvement in digestibility for the earlyweaned pig from diets containing milk rather than plant products. Also, milk carbohydrate appears to have less effect on improving nutrient digestibility than milk protein does for young pigs weaned at an early age.
Implications
Weaning pigs at a younger age (3 wk or less) is one way to improve sow productivity measured as pigs weaned per sow per year. Maintaining good pig performance after weaning can be crucial to reaching production goals. Thus, understanding nutritional components than can improve early-weaned pig performance is important. Compared to plant products (SBM and dextrose), milk products (casein and lactose) improved energy and nutrient digestibilities of pigs weaned at 3 wk of age. The data suggest that the protein portion of milk products, such as dried skim milk, improves the digestibility of energy and nutrients for early-weaned pigs to a greater extent than does its carbohydrate portion.
